EVs - early biomarkers of

environmental toxicity?

Findings and approaches from
population-based studies
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DEATHS LINKED TO OUTDOOR
AND HOUSEHOLD AIR POLLUTION

The health
effects of
ambient and
household
air pollution

7 mi I I IOI‘I people die prematurely every year
from air pollution - both household and outdoor.
Among these deaths:
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Respiratory
diseases in older
people are leading

causes of death
and disability in
the world
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ncreased apoptosis
Senescence markers

e Increased

‘\‘_ soluble & cellular
& inflammation ¢

Bowdish ME, et al., Chest 2018
Rennard SlI, et al. Lancet 2015
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The hallmarks of
environmental

aging
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* Prospective cohort
— Enrolled 2,280 men in New England in 1961-70
— Aged 21 to 80 free of chronic disease
— One visit every 3-5 years
— 656 participants still active between 1996-15

* EV miRNAs

— From plasma using Norgen Biotek plasma/serum
circulating and exosomal RNA kit

— 381 EV-miRNAs detected in >70% samples

* Lung function

— FEV1 = Forced Expiratory Volume in 1 second
— FVC = Forced Vital Capacity
— MMEF = Maximal Mid-Expiratory Flow

Andrea Baccarelli — Columbia University Mailman School of Public Health

The VA Normative
Aging Study (NAS)

a? COLUMBIA | MAILMAN SCHOOL
UNIVERSITY | of PUBLIC HEALTH




A.FEV1

B. FVC
5 5
4 4 o :
T . ol S
733 . . et §3 T e o
e N . 2 ‘e
§ . .. . ‘:‘ ) S . * .. " .P-.
g .y ¥ g’ W ARl
1 .‘.. . #.' . 1 ....l’ J‘ .
. . : L
] & ‘”.
0 0
-0.1 0.0 0.1 -0.2 -0.1 0.0 0.1 0.2
Change in FEV1 (L) Change in FVC (L)
C. FEV1/FVC D. MMEF
5 5
e 4
° o
23 23
2 2 .
2 - 2 -
g2 . Eoll -
L K N ' .-': ° '.:.... .
1 v ot ". 1 R e
AR T 'J".si '_?' oA
: "’:u'~ v :
0 0
-0.5 0.0 0.5 1.0 -20 -10 0 10 20

Change in FEV1/FVC

Change in MMEF (L/s)

# Lower Lung Function e Higher Lung Function ®No Association

FEV1 = Forced Expiratory Volume in 1 Second; FVC = Forced Vital Capacity;
MMEF = Maximal Mid-Expiratory Flow

Models adjusted for age, BMI, smoking pack-years, and METs

6

Andrea Baccarelli— Columbia University Mailman School of Public Health

33 EV-mIRNAs were
associated with
baseline FEV1 and
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“IT’STOUGH TO MAKE
PREDICTIONS, ESPECIALLY

ABOUT THE FUTURE.”
—Yogi Berra
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miRNA clusters and lung function trajectory

Clusters of miRNAs defined by k-means clustering

Cluster 1 (purple) was consistently associated with higher risk of
belonging to the declining lung function trajectory class
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LASSO regression identified 11 EV-miRNAs that
differentiated the C1 cluster from other groups
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Christina
Eckhardt

Eckhardt et al.,
under review
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airpolition— Ajjr pollution spikes may impair older
men’s thinking, study finds

Even short, temporary increases in airborne particles can damage

O\ Sea rch uUse d ition ~ brain health, research suggests
I e Even short, temporary increases in airborne particles can damage

Guardian

For200vyears

brain health, research suggests

nature aging

Xu Gao, Brent Coull, Xihong Lin,
Pantel Vokonas, Avron Spiro 3rd,
Lifang Hou, Joel Schwartz &
Andrea A. Baccarelli

03 May 202 1 A There is growing evidence that exposure to fine particulate matter in the air, largely from road vehicles and
industry, is harmful to the brain. Photograph: Dominic Lipinski/PA
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KEGG pathways enrichment
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Fatty acid biosynthesis

ECM-receptor interaction
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Machine learning approaches to EV data

supervised analysis
EV data
Encoder Decoder

_
\-?2Ce@

Yike Shen

(Van der Maaten & Hinton, 2008)

metabolites

g Circulating Extracellular Vesicle
' Individual participant low 1
dimensional Pattern recognition
representation « EVs from SCTs
* Diseases
* Exposures (e.qg., Air pollution)

Raw Features

3 Prediction
. (e.g., disease)
: eratians Feature Importance
BRT
analysis G | | (e.q. EVS)
Machine learning models @& COLUMBIA | MAILMAN SCHooOL
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Ongoing work:
Isolation from blood
samples of EVs from
neurons, microglia,
and oligodendrocytes

1051
L1CAM Total
Derived EVs

951
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301 T
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201
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Brain o Lung disease

* neuronal EVs i * lung epithelial

* oligodendrocyte EVs cell EVs

* astrocyte EVs * alveolar cell EVs
* microglial EVs

Heart disease
* myocardial EVs
* endothelial EVs

N

Immune system

and circulating cells
Metabolic disease

* T-cell EVs
* liver EVs (CD4+, CD8+, NK)
* pancreatic EVs * B-cell EVs
* adipocyte EVs * neutrophil EVs
* skeletal , 1 * monocyte EVs
muscle EVs ( ) * macrophage EVs
* platelet EVs

,,,,j \W\ * red blood cell EVs

Andrea Baccarelli — Columbia University Mailman School of Public Health

Our 10-year plan for
isolating source cell-
type specific EVs in
plasma/serum
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Ongoing work — Development of Seq protocols
optimized for human studies and constraints

Low-input protocols for
small RNA seq (<500pg)

Nucleic acid
(DNA, RNA)

Allow us to investigate
the encapsulated

@)
?\%mo miRNAs as intercellular  Next-Generation
% O BRI communication system Sequencing
@ Metabolites
Transmembrane
proteins Jw&m&mﬁgholesterol
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Ongoing work — Synergy with high-
resolution untargeted mass spectrometry

Vrinda Kalia
Currently testing and Accurate mass detection

optimizing protocols

 Metabolomics
Comprehensive
capture of EV small
molecule cargo
Exposomics
Accurate capture of
multiple target
specific exposures

Accurate mass and
abundace of metabolites

TSG101 Nucleic acid

(DNA, RNA)

Transmembrane
proteins

MAILMAN SCHOOL
of PUBLIC HEALTH
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*  miRNAs, metabolomics, chemicals
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Laboratory of precision
environmental health
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Air pollution and EV-encapsulated miRNA
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We can isolate neuron-derived EVs in the @ \3\}) JJ/ /})

o S 2
plasma as they are released from the brain. §$ ’ {/%é%
S ==
cell of origin RNA @ = :—,:oo
- GRS o= =2
cell of origin protein '—%j)q_ ’ 8: -
o= —0 S
neuronal-specific proteins  @==p__ %) & \\?
(T
Immunoaffinity isolation using antibodies C/ ﬂ?ﬁﬁﬁ%ﬁ \§>
3
for neuronal-specific proteins 4

Courtesy of Neurodex
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EVs, air pollution, and aging —a conceptual model

PM inhalation

Deposited in lung

Soluble components

EVs released from the lung
Epithelial cells and alveolar macrophages

Local
inflammation

—> EV Signaling Network <€—>

exchange of miRNAs
between cells
(e.g., lung, leukocytes, endothelia)

Multiorgan aging & disease

®° EVs from the lung

EVs from blood cells and endothelia

Alharbi et al., Biomed Res Int 2021

REFERENCES Rota et al. Sci Rep 2020
Alkoussa et al. Crit Rev Toxicol 2020
Rodosthenous et al., Environ Res 2018
5 Pergoli, Part Fibre Toxicol 2017
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Bollati, J Appl Toxicol 2018
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